AN IMAGE FORMING APPARATUS 

[0001] This application is based on Japanese Patent Application No. 2003-1 14045 
filed on April 18, 2003, the content of which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

[0002] The present invention relates to an electrophotographic image forming 
apparatus such as a copier or printer, and more particularly to a device and method to 
detect the amount of toner on the image carrier of such apparatus, as well as the color 
shift amount. 

2. DESCRIPTION OF RELATED ART 

[0003] In an electrophotographic image forming apparatus of the conventional art, 
such as a copier or printer, multiple photoreceptors are disposed side by side such that 
they face a belt that is driven to rotate, and toner images of different colors are formed 
on the photoreceptors and then sequentially transferred onto the belt in order to obtain 
a color image. 

[0004] In such an apparatus, in order to form toner images on the photoreceptors, 
various devices including a charging device, developing device and exposure device 
are disposed around each photoreceptor. In order to optimize the output of each such 
device, multiple toner pattern images formed in accordance with different image 
formation parameter values are formed on each photoreceptor and transferred onto the 
belt. The amount of toner for each toner pattern image thus transferred is detected 
using a toner amount detection sensor (hereinafter an 'AIDC sensor') disposed such 
that it faces the belt, based on the result of which the output of each of the above 
devices is adjusted. 

[0005] In addition, in the above apparatus, toner images of multiple colors are 
overlaid on top of one another in order to form a color image. Consequently, transfer 
of any of the various color toner images at an incorrect position results in color shift, 
making the final color image less than ideal. In order to prevent this from happening, 
according to the conventional art, detection patterns of each of the various colors 
(hereinafter 'resist patterns') are formed on the belt to detect the position of the toner 
image of each color prior to the actual image forming operation, and a shift in the 
position of a detection pattern for a given color, i.e., color shift, is detected using a 
resist sensor. 

[0006] In recent years, focusing on the fact that the AIDC patterns and resist 
patterns described above are both formed on the same belt, a device that functions as 
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both an AIDC sensor and a resist sensor has been considered, enabling resist patterns 
to be detected using an AIDC sensor. 

[0007] However, the problem exists that AIDC sensors were originally developed to 
measure image darkness, and therefore cannot accurately detect a color shift amount. 

OBJECT AND SUMMARY OF THE INVENTION 

[0008] The present invention was created in order to resole the above problems, and 
a principal object thereof is to detect color shift among toner images of multiple 
colors with accuracy using an AIDC sensor or sensors. 

[0009] Another object of the present invention is to accurately detect color shift 
among toner images of the various colors using a simple construction. 
[0010] In order to attain these objects, the present invention comprises a detection 
device used in an image forming apparatus, such device including a light-emitting 
element that emits light towards a toner pattern formed on the image carrier, a first 
light-receiving element that detects the light reflected from the toner pattern, a second 
light-receiving element that detects the light reflected from the toner pattern in a 
fashion different from the first light-receiving element, and a control unit that 
calculates the amount of toner of the toner pattern based on the output values from the 
first and second light-receiving elements as well as the position of the toner pattern 
based on the output value from the first light-receiving element. 
[0011] Based on the construction described above, according to the present 
invention, in an image forming apparatus, through the use of an AIDC sensor that 
includes two light-receiving elements and detects the toner amount on the image 
carrier, color shift among the toner images of the various colors can be accurately 
detected via the use of the output signal from one of the light-receiving elements. 
[0012] Consequently, because no special detection device is required and the 
construction is simple, the manufacturing cost of the image forming apparatus does 
not increase. 

[0013] When the toner amount on the image carrier is calculated, calculation is 
carried out using halftone patterns, dot patterns, screen patterns or solid patterns as the 
toner patterns, and when the color shift amount is calculated, calculation is performed 
using line patterns. 

[0014] Furthermore, the light-emitting element includes a polarizing plate, and the 
first light-receiving element includes a polarizing plate having a direction of 
polarization parallel to the polarizing plate of the light-emitting element, while the 
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second light-receiving element includes a polarizing plate having a direction of 
polarization different from the polarizing plate of the light-emitting element. 
[0015] When the color shift amount is calculated based on the position of each toner 
pattern, the amount of reflected light is detected using the light-receiving element 
including a polarizing plate having a direction of polarization parallel to the polarizing 
plate of the light-emitting element. 

[0016] The amount of light emission from the light-emitting element is adjusted 
based on the toner amounts calculated based on the amount of reflected light detected 
by the two light-receiving elements. 

[0017] The present invention also comprises an image forming apparatus including 
an intermediate transfer unit, multiple image forming units disposed such that they 
face the intermediate transfer unit, multiple transfer elements that sequentially transfer 
the toner patterns formed by each of the image forming units onto the intermediate 
transfer unit, a light-emitting element that emits light towards a toner pattern formed 
on the intermediate transfer unit, multiple light-receiving elements that detect the 
reflected light from the toner pattern, and a control unit that calculates the toner 
amount of each toner pattern based on the output values from the multiple light- 
receiving elements as well as the position of each toner pattern based on the output 
value from one of the light-receiving elements. 

[0018] The present invention also comprises a toner amount and color shift amount 
calculation method employed in an image forming apparatus for irradiating a toner 
pattern formed on the image carrier with detection light from an irradiation element 
via a polarizing plate, detecting the amount of light reflected therefrom using multiple 
light-receiving elements, and calculating the toner amount on the image carrier and 
the color shift amount based on the amount of reflected light detected by the light- 
receiving elements, wherein when the toner amount on the image carrier is calculated, 
calculation is carried out based on the amount of reflected light detected by two or 
more light-receiving elements, and when the color shift amount is calculated, 
calculation is carried out based on the amount of reflected light detected by one light- 
receiving element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] These and other objects, advantages and features of the invention will 
become apparent from the following description thereof taken in conjunction with the 
accompanying drawings in which: 
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[0020] Fig. 1 is a front elevation to explain the construction of a tandem-style, full- 
color image forming apparatus comprising an embodiment of the present invention; 
[0021] Fig. 2 is an enlarged front elevation of the area of the image forming 
apparatus shown in Fig. 1 in which the image forming units and intermediate transfer 
belt are disposed; 

[0022] Fig. 3 is a drawing to explain the construction of the AIDC sensor used in 
the embodiment of the present invention; 

[0023] Fig. 4 is a drawing to explain the principle of detection of the toner amount 
using the AIDC sensor; 

[0024] Fig. 5 is a drawing showing the spectral reflectance characteristic of the 
toner of each color; 

[0025] Fig. 6 comprises drawings to explain the relationship between the output 
voltage from the AIDC sensor and the color toner amount and the black toner amount, 
respectively, as detected by the AIDC sensor; 

[0026] Fig. 7 is a circuit diagram of the image forming apparatus of the embodiment 
of the present invention; 

[0027] Fig. 8 comprises drawings showing the resist pattern for each color and the 
waveform of the signal Dl calculated by the processing circuit after being cut at the 
threshold level, as well as the waveform of the signal (Dl - D2); 
[0028] Fig. 9 comprises drawings to explain the resist pattern's center of gravity 
position GO, the signal Dl wave and center of gravity position Gl and the difference 
signal (Dl - D2) wave and center of gravity position G2; 

[0029] Fig. 10 is a drawing to explain the toner patterns formed on the intermediate 
transfer belt; and 

[0030] Fig. 1 1 is a flow chart to explain the stabilization process carried out by the 
processing circuit. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0031] An embodiment of the present invention is described below. Fig. 1 is a front 
elevation to explain the construction of a tandem-style, full-color image forming 
apparatus, and Fig. 2 is an enlarged front elevation of the area thereof that includes the 
image forming units and the intermediate transfer belt. 

[0032] This image forming apparatus has four image forming units 101 Y, 10 1M, 
10 1C and 10 IK, which respectively correspond to the four colors of yellow (Y), 
magenta (M), cyan (C) and black (K) and are serially disposed along an intermediate 
transfer belt 1 1, for the three primary colors red (R), blue (B) and green (G) that are 
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obtained via chromatic decomposition of the original document image. Each image 
forming unit 101Y-101K respectively has a photoreceptor 103Y, 103M, 103C and 
103K, as well as a charger 104 Y, 104M, 104C andl04K, an exposure device 105 Y, 
105M, 105C andlOSK, a developing device 106Y, 106M, 106C and 106K, and a 
cleaner 107Y, 107M, 107C and 107K, which are disposed around each photoreceptor. 
[0033] The image forming units are detachably mounted in the image forming 
apparatus main body. 

[0034] First transfer devices 108Y, 108M, 108C and 108K are disposed such that 
they respectively face the photoreceptors 103Y, 103M, 103C and 103K across the 
intermediate transfer belt 11. 

[0035] The intermediate transfer belt 1 1 is suspended over a second transfer roller 
1 12, a drive roller 113 and a wrapping roller 114, and moves in the direction of the 
arrow (a) at a constant speed based on the rotation of the drive roller 113 that is driven 
by a driving device not shown. 

[0036] Furthermore, a pressure roller 1 15 is disposed such that it faces the second 
transfer roller 112 across the intermediate transfer belt 1 1, and recording paper P is 
conveyed from a paper supply device 120 towards the nipping area N that is formed 
between the intermediate transfer belt 1 1 and the pressure roller 1 15. A fusing device 
122 is disposed on the downstream side of the nipping area N in terms of the direction 
of conveyance of recoding paper P, and a paper ejection unit 124 is disposed 
downstream from the fusing device 122. 

[0037] On the downstream side of the pressure roller 1 15 in terms of the direction of 
rotation of the intermediate transfer belt 1 1 are disposed AIDC sensors 40, which are 
described in detail below, at positions close to the intermediate transfer belt 11. 
[0038] To briefly explain the operation of the construction described above, the 
image signals output from the original document reader 126 or a personal computer or 
the like not shown are broken down into cyan, magenta, yellow and black signals, 
which are respectively output to the image forming units 101 Y, 101 M, 101C and 
101K. 

[0039] The exposure device 105Y first operates based on the image signals output 
to the image forming unit 101 Y, and a latent image is formed on the photoreceptor 
103Y. This latent image is developed by the developing device 106Y, whereupon a 
yellow toner image is formed. The yellow toner image on the photoreceptor 103Y is 
transferred onto the intermediate transfer belt 1 1 through the operation of the first 
transfer device 108Y. 
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[0040] In synchronization with the yellow toner image transferred onto the 
intermediate transfer belt 1 1 moving under the first transfer device 108M, a latent 
image is formed on the photoreceptor 103M of the image forming unit 101M, and a 
magenta toner image is developed by the developing device 106M. The magenta toner 
image on the photoreceptor 103M is transferred onto the intermediate transfer belt 1 1 
such that it is overlaid onto the yellow toner image through the operation of the first 
transfer device 108M. 

[0041] Similarly, the cyan toner image formed on the photoreceptor 103C of the 
image forming unit 10 1C is transferred onto the intermediate transfer belt 1 1 such that 
it is overlaid onto the overlapping yellow and magenta toner images, and the black 
toner image formed on the photoreceptor 103K of the image forming unit 10 IK is 
transferred onto the intermediate transfer belt 1 1 such that it is overlaid onto the 
yellow, magenta and cyan toner images. Consequently, a full-color toner image 
comprising images of the four colors, i.e., a yellow image, a magenta image, a cyan 
image and a black image overlaid on top of one other, is formed on the intermediate 
transfer belt 11. 

[0042] In synchronization with the full-color toner image formed on the 
intermediate transfer belt 1 1 moving towards the second transfer roller 1 12, a sheet of 
recording paper P is conveyed from the paper supply device 120 towards the nipping 
area N that is formed between the intermediate transfer belt 1 1 and the pressure roller 
115. The full-color toner image is transferred onto the sheet of recoding paper P 
through the operation of the second transfer roller 112, and is fused and bonded onto 
the recoding paper P by the fusing device 122, whereupon the recording paper P is 
ejected onto the paper ejection unit 124. 

[0043] In order to appropriately control the amount of toner on the photoreceptor of 
each image forming unit 101 Y, 101 M, lOlCorlOlKto enable the formation of high- 
quality images, such image formation parameters as the charging voltage, 
development bias and exposure amount must be set to the optimal values. 
[0044] For this purpose, in this embodiment, as shown in Fig. 10, multiple 
rectangular toner patterns Q, which have different image formation parameter values, 
i.e., different charging voltages, development biases and exposure amounts, are 
formed on the intermediate transfer belt, the toner patterns Q are detected by the 
AIDC sensors disposed near the intermediate transfer belt such that the sensors detect 
the toner amount of each toner pattern, and the results of the detection are used to 
determine the image formation parameter values to use. 
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[0045] Fig. 3 is a drawing showing the construction of the AIDC sensor that detects 
the toner amount in this embodiment of the present invention. Fig. 4 is a drawing to 
explain the principle of the detection of the toner amount by the AIDC sensor. 
[0046] Each AIDC sensor 40 is composed of an light-emitting element 20 that emits 
light through a polarizing plate 22 towards a toner pattern 12 formed on the image 
carrier, a first light-receiving element 35 that detects the amount of light reflected 
from the toner pattern via a polarizing plate 32 having a direction of polarization 
parallel to the polarizing plate 22 of the light-emitting element 20, and a second light- 
receiving element 36 that detects the amount of reflected light through a polarizing 
plate 34 having a different direction of polarization from the polarizing plate 22 of the 
light-emitting element 20. 

[0047] To described more specifically, the light-emitting element 20 comprises a P- 
wave polarizing plate 22 and a light-emitting diode 21, while the first light-receiving 
element 35 is composed of a P-wave polarizing plate 32 and a photodiode 31 and the 
second light-receiving element 36 is composed of an S-wave polarizing plate 34 that 
has a direction of polarization that differs by 90° from the P-wave polarizing plate 32, 
as well as a photodiode 33. The first light-receiving element 35 and the second light- 
receiving element 36 are located close to each other. 12 represents the toner patterns 
formed on the intermediate transfer belt 1 1 . 

[0048] The light that that was emitted from the light-emitting diode 21 of the light- 
emitting element 20 and passed through the P-wave polarizing plate 22 is directed to a 
toner pattern 12 of yellow, magenta, cyan or black formed on the intermediate transfer 
belt 1 1, and the reflected light from the pattern is received by the photodiode 31 of the 
first light-receiving element 35, which is equipped with a P-wave polarizing plate 32, 
as well as by the photodiode 33 of the second light-receiving element 36, which is 
equipped with an S-wave polarizing plate 34. 

[0049] Where the light emitted from the light-emitting diode 21 is directed to the 
intermediate transfer belt 1 1 via the polarizing plate 22, the reflected light includes the 
light reflected by the intermediate transfer belt 1 1 itself and the light reflected by the 
toner pattern 12. 

[0050] The light reflected by the intermediate transfer belt 1 1 enters the P-wave 
photodiode 31 via the polarizing plate 32 because its direction of oscillation does not 
change due to the smooth surface of the intermediate transfer belt 1 1 . The amount of 
such light is deemed Bn. 

[0051] On the other hand, the direction of oscillation of the light reflected by a toner 
pattern 12 changes randomly because the toner particles have irregular shapes and 
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together present a rough surface. Consequently, part of the light reflected by the toner 
pattern 12 enters the P-wave photodiode 31 via the polarizing plate 32, and part of it 
enters the S-wave photodiode 33 via the polarizing plate 34. Because the direction of 
oscillation of the light reflected by the toner pattern 12 is random, the amount of light 
TP that enters the P-wave photodiode 3 1 is equal to the amount of light TS that enters 
the S-wave photodiode 33 (TP = TS). 

[0052] On the other hand, because the light reflected by the intermediate transfer 
belt 1 1 and the light reflected by the toner pattern 12 enter the P-wave photodiode 31, 
the detection value by the P-wave photodiode 31 becomes (Bn + TP). In addition, 
because the light reflected by the intermediate transfer belt 1 1 has a different direction 
of oscillation and therefore cannot pass through the polarizing plate 34, the detection 
value output by the S-wave photodiode 33 becomes TS (TS = TP). 
[0053] Therefore, the amount of light reflected by the intermediate transfer belt 1 1 
can be obtained by calculating the difference (Bn) between the detection value (Bn + 
TP) output by the P-wave photodiode 31 and the detection value TS (TS = TP) output 
by the S-wave photodiode 33. 

[0054] Since a large amount of reflected light from the intermediate transfer belt 11 

means that the amount of toner on the intermediate transfer belt 1 1 is small and a 

small amount of reflected light means that the amount of toner on the intermediate 

* 

transfer belt 1 1 is large, the toner amount can be obtained from the amount of light 
reflected from the intermediate transfer belt 11. 

[0055] Fig. 5 is a drawing showing the spectral reflectance characteristic of the 
toner of each color. Because the color toners, i.e., the yellow toner, magenta toner and 
cyan toner, reflect most of the light, the total amount of color toner can be detected by 
the AIDC sensor 40 with high accuracy. On the other hand, because black toner 
absorbs most light and reflects very little light, the amount of black toner can also be 
detected by the AIDC sensor 40 with high accuracy in the same manner as with color 
toner. 

[0056] Fig. 6 comprises drawings showing the relationship between the color toner 
amount and the black toner amount (g/m 2 ) when the amount of toner is detected using 
the AIDC sensor 40 and the output voltage (V) from the AIDC sensor. Fig. 6(a) shows 
the relationship for color toner, and Fig. 6(b) shows the relationship for black toner. 
[0057] By detecting the amount of toner on the photoreceptor using the AIDC 
sensor 40 and controlling the operation parameters such as the charging voltage, 
development bias and exposure amount to their optimal values based on the detection 
result, high-quality images can be formed. 
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[0058] Fig. 7 shows the control circuit of the image forming apparatus of this 
embodiment. It shows in particular the area related to the present invention, and other 
areas are omitted from the drawing. The light that was emitted from the light-emitting 
diode 21 of the light-emitting element 20 and passed through the P-wave polarizing 
plate 22 is reflected by the toner pattern 12 and enters the photodiode 31 of the first 
light-receiving element 35 via the P-wave polarizing plate 32, as well as enters the 
photodiode 33 of the second light-receiving element 36 via the S-wave polarizing 
plate 34. The signal Dl detected by the photodiode 31 is amplified by an amplifier 41 
and is input to the processing circuit 43. The signal D2 detected by the photodiode 33 
is amplified by an amplifier 42 and is input to the processing circuit 43. 
[0059] The processing circuit 43 calculates the signal (Dl - D2) indicating the 
difference between the signal Dl and the signal D2 for each toner pattern 12 of each 
color, and this signal and the signal Dl are sent to the CPU 45. The CPU 45 seeks the 
amount of light reflected by the intermediate transfer belt 1 1 based on the signal (Dl - 
D2), i.e., the toner amount on the intermediate transfer belt 11, and controls the 
operation parameters such as the charging voltage, development bias and exposure 
amount to the optimal values for each image forming unit based on the toner amounts 
of each color. 

[0060] Color shift detection will now be explained. 

[0061] A color image is formed by placing toner images of the four colors, i.e., 
yellow, magenta, cyan and black images, on top of each other. If the toner images are 
not placed on top of each other with exact accuracy, i.e., if color shift occurs, the 
resulting image becomes less than ideal. It is therefore necessary to detect and correct 
for any color shift. In the image forming apparatus of the embodiment of the present 
invention, as shown in Fig. 10, detection patterns R (hereinafter 'resist patterns') are 
formed for each color on the intermediate transfer belt 1 1, and any positional shift 
regarding the detection patterns of each color is detected using the AIDC sensor 40, 
which operates as a color shift amount detection sensor that detects color shift 
(hereinafter a 'resist sensor'). 

[0062] As described above, the toner amount can be calculated from the output 
voltage from the AIDC sensor 40, and because the output voltage is a waveform 
voltage represented by a wave having a certain width and height, the center of gravity 
position of the wave also represents the position of the detected resist pattern for each 
color. Therefore, by calculating the center of gravity position of the output voltage 
wave (in actuality, the wave cut out using a prescribed threshold), the amount of color 
shift among the multiple colors can be sought. If positional correction in the main 
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scanning direction and the secondary scanning direction, skew correction, bow 
correction, intermediate transfer belt uneven speed correction, etc. are carried out for 
each image forming unit based on the detected color shift amount, color shift can be 
eliminated. 

[0063] Fig. 8 comprises drawings showing the toner patterns 12 comprising resist 
patterns for each color and the waves of the signal Dl cut at the threshold level and 
calculated by the processing circuit 43, as well as of the signal (Dl - D2). Fig. 8(a) 
shows the resist patterns for each color, Fig. 8(b) shows the signal Dl waves and Fig. 
8(c) shows the signal (Dl - D2) waves. 

[0064] Fig. 9 comprises drawings to explain the center of gravity position GO of a 
resist pattern, a signal Dl wave and its center of gravity position Gl, and a different 
signal (Dl - D2) wave and its center of gravity position G2. Fig. 9(a) shows the 
center of gravity position GO of a resist pattern. Fig. 9(b) shows a signal Dl wave and 
its center of gravity position Gl, and Fig. 9(c) shows a signal (Dl - D2) wave and its 
center of gravity position G2. 

[0065] The difference signal (Dl - D2) wave is uneven because since the 
photodiode 3 1 of the first light-receiving element 35 and the photodiode 33 of the 
second light-receiving element 36 cannot be positioned at the exact same spot, there is 
some distance in between, and accordingly there is a difference between the times at 
which the reflected light enters the two photodiodes. Consequently, while the signal 
Dl wave center of gravity position Gl is perfectly aligned with the resist pattern 
center of gravity position GO, the signal (D 1 - D2) center of gravity position G2 is 
shifted by a distance (d), which makes accurate detection of a color shift amount 
impossible using this signal. 

[0066] In the embodiment of the present invention, therefore, for the detection of 
color shift, only the signal Dl output from the photodiode 31 of the first light- 
receiving element 35 is used to calculate the resist pattern center of gravity position 
and detect the amount of color shift with accuracy. In this way, the amount of color 
shift can be accurately detected at all times. 

[0067] Stabilization control using the output from the AIDC sensors in this 
embodiment will now be explained. In the image forming apparatus of this 
embodiment, when any of the image forming units is removed for the purposes of 
replacement or maintenance work, or when the number of copies has exceeded a 
prescribed number (500 for example), image darkness adjustment and resist 
adjustment are performed as stabilization control prior to an actual image formation 
operation. 
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[0068] Fig. 10 is a drawing to explain the toner patterns formed on the intermediate 
transfer belt, and Fig. 1 1 is a flow chart to explain the stabilization process executed 
by the processing circuit 43. This embodiment includes two AIDC sensors 40 
disposed at either edge of the intermediate transfer belt such that they face each other. 
[0069] Yellow and cyan toner patterns are formed along one edge of the belt while 
black and magenta toner patterns are formed along the other edge of the belt. 
Specifically, rectangular toner patterns Q are formed first and then line patterns R are 
formed. The toner patterns Q consists of alternate cyan and yellow patterns (or black 
and magenta patterns). The patterns of the same color sequentially become lighter. 
[0070] The toner patterns R consist of alternate cyan and yellow patterns (or black 
and magenta patterns), and the patterns of the same color retain the same darkness. 
[0071] As the first part of the stabilization process, light amount adjustment for each 
AIDC sensor is performed. Specifically, a part of the intermediate transfer belt 1 1 on 
which no toner image is formed is irradiated by the light-emitting element 20 of each 
AIDC sensor 40, and the reflected light is received by the first light-receiving element 
35 and the second light-receiving element 36. The darkness of the non-image area of 
the intermediate transfer belt 1 1 is measured based on the output signals from the first 
light-receiving element 35 and the second light-receiving element 36. The light 
amount from the light-emitting diode 21 of the light-emitting element 20 is then 
adjusted such that the darkness value becomes a prescribed value. 
[0072] Maximum darkness correction control is then carried out. The rectangular 
toner patterns Q are irradiated via the light-emitting element 20 with the post- 
adjustment light amount. The reflected light is received by the first light-receiving 
element 35 and the second light-receiving element 36, and the darkness of each toner 
pattern is sought via calculation based on the output signals from these two light- 
receiving elements. The optimal development bias value is sought for each developing 
device from the measurement results of the toner patterns having different darknesses 
for each color. 

[0073] Subsequently, resist correction control is performed. The line toner patterns 
Q are irradiated via the light-emitting element 20 with the post-adjustment light 
amount. 

[0074] The reflected light is received by the first light-receiving element 35, and the 
position of each toner pattern is measured based only on the output signal from the 
first light-receiving element. In this embodiment, the distance from the black line 
patterns to the line patterns of each of the other colors is calculated, and the color shift 
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amount regarding each color relative to black is sought by comparing the distance 
with a prescribed value. 

[0075] In the embodiment described above, when the toner amount on the image 
carrier is calculated, halftone patterns, dot patterns, screen patterns or solid patterns 
can be used as toner patterns formed on the image carrier. However, toner patterns are 
not limited to these patterns only. 

[0076] When calculating the color shift amount, calculation is carried out using line 
patterns. However, the calculation of the color shift amount is not limited to the use of 
line patterns, and any patterns that are useful in calculating of the color shift amount 
may be used. 

[0077] In addition, the above embodiment was explained using an example in which 
the present invention was applied in a full-color image forming apparatus that 
includes an intermediate transfer belt, but needless to say, the present invention may 
be applied in any color image forming apparatus that uses toner of two or more colors. 
[0078] Although the present invention has been fully described by way of examples 
with reference to the accompanying drawings, it is to be noted that various changes 
and modifications will be apparent to those skilled in the art. Therefore, unless 
otherwise such changes and modifications depart from the scope of the present 
invention, they should be construed as being included therein. 
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